Abstract: Recent advances in the treatment of non-small cell lung cancer (NSCLC) have led to improvements in patient survival and quality of life. It is unclear whether molecular abnormalities associated with NSCLC cell survival, growth and proliferation are useful in predicting treatment benefit. We conducted a systematic review to establish which biomarkers contribute meaningfully to the management of NSCLC.
Introduction
Significant progress has been made in the treatment of non-small-cell lung cancer (NSCLC) over the last three decades. Initial approaches to the management of lung cancer administered identical combination chemotherapy, regardless of histology, to patients with NSCLC and small-cell lung cancer (SCLC) alike [1, 2] . Subsequent research efforts have produced good evidence of both overall survival and quality of life improvements with first [3, 4] , second [5] [6] [7] , and third-line [7] systemic therapies. Nonetheless, in spite of a wide array of both cytotoxic chemotherapies and newer molecularly targeted agents, treatment effects are modest at best. Median overall survival for the entire cohort of advanced NSCLC is still 10-12 months, although some molecularly defined subgroups appear to have a much more favorable prognosis [8] . NSCLC remains the leading cause of cancer death in the developing world.
Attempts to improve outcomes in NSCLC have resulted in strategies to individualize, or personalize treatment decisions, based on clinically or molecularly defined biomarkers, broadly defined as characteristics that are "objectively measured and evaluated as an indicator of normal biologic processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention" [9] . The goal is to identify both prognostic factors, which correlate with a better (or worse) patient outcome independent of treatment, as well as predictive factors, which reliably indicate which patient subgroups will respond better (or worse) to treatment.
Potential predictive biomarkers include clinical characteristics, such as performance status, gender, race, and smoking status [7, 8, 10, 11] , as well as pathologic features such as histological subtypes of NSCLC [12, 13] . More recently, translational researchers have identified molecular abnormalities which may predict for response and survival benefit from molecularly targeted agents, as well as standard chemotherapeutic agents. Gene expression profiling, using microarray-derived gene signatures to predict responses to individual drugs, is a promising technology which may soon be incorporated into treatment algorithms [14] .
However, the rapid expansion of knowledge concerning biomarkers has created considerable uncertainty about their appropriate use in treatment decision making. Analytical and performance requirements of laboratory assays of biomarkers must be clearly stipulated to ensure validity, reliability, and reproducibility of findings. Data on tissue and patient sampling parameters must be carefully examined for potential sources of bias. Outcome measures in prospective randomized controlled trials must be re-evaluated to capture clinically relevant responses to treatment.
In this paper we will focus on the role of predictive biomarkers and their impact on decision-making in advanced NSCLC. We will review the key findings of randomized controlled trials in NSCLC evaluating biomarkers predictive of responses to anti-EGFR, anti-angiogenic, and chemo-therapeutic agents. Ideally the identification of biomarker-defined subgroups of patients for which there is a treatment by biomarker interaction will maximize the benefit to toxicity ratio for even moderately helpful therapy. These interactions include both quantitative effects, in which there are statistically significant differences in effect sizes between subgroups, and qualitative effects, in which the direction in effect size is opposite between subgroups.
Search Strategy and Selection Criteria
References for this review were found by searches of PubMed using the search terms: 'Non-Small Cell Lung Cancer/drug therapy' and 'Randomised' or 'Randomized' or 'Randomly' or 'Trials' or 'Trial' or 'Study', plus keywords for specific biomarkers. The most frequently occurring biomarkers were identified in meeting abstracts for the American Society of Clinical Oncology (ASCO), European Society of Medical Oncology (ESMO), and the International Association for the Study of Lung Cancer (IASLC) World Lung Congresses from [2005] [2006] [2007] [2008] [2009] . Review article bibliographies were also scanned for related publications. The articles selected were evaluated for clinical relevance using the following criteria: whether patient cohorts and treatments were clearly defined, whether the predictive impact of histology or biomarkers was well described, and whether outcomes of interest were ascertained on adequate follow-up. Only articles published in English from January 2005 to January 2011 were included.
Results and Discussion

Histology
There is consistent information from three randomized trials (Table 1) that histology is predictive of the benefit from pemetrexed, a multi-targeted anti-folate, which primarily inhibits thymidylate synthase (TS) [15] . In a subgroup analysis of the JMEI trial, patients with non-squamous histology treated second-line with pemetrexed had significantly longer survival than those who received docetaxel (HR = 0.77 9.3 vs. 8.0 months, p = 0.048) [16, 17] . Likewise, survival in the JMDB first-line trial was significantly improved for those with adenocarcinoma receiving cisplatin/pemetrexed versus cisplatin/gemcitabine (12.6 vs. 10.4 months, HR = 0.84, CI = 0.71-0.98, p = 0.005). The outcomes were reversed for those with squamous histology, who benefitted more in the cisplatin/gemcitabine arm (10.8m vs. 9.4m for cisplatin/pemetrexed HR = 1.22, CI = 0.99-1.50, p = 0.05) [4] . For maintenance pemetrexed, there was a significant treatment by histology quantitative interaction whereby patients with nonsquamous histology had markedly longer progression free survival (PFS) and overall survival (OS) on maintenance therapy than did those with squamous tumours. (PFS HR = 0.44, 95% CI = 0.36-0.55, and OS HR = 0.70, 95% CI = 0.56-0.88, p = 0.002) [12] . This differential effect has been attributed to higher levels of TS expression in squamous cell malignancies [18, 19] . However, one additional trial of carboplatin/pemetrexed versus carboplatin/gemcitabine did not show any interaction between histology and treatment effect [20] . Histology does not appear to be predictive of benefit from other cytotoxic agents [21] .
Histology also appears predictive of treatment benefit for targeted agents. In both the BR.21 [7] and ISEL [11] trials evaluating an EGFR TKI versus best supportive care (BSC), higher objective response rates (ORR) were observed in patients with adenocarcinoma. Adenocarcinoma appeared predictive of better overall results in ISEL, but no significant interaction between histology and survival was observed in the BR.21 trial. No significant interaction effect was seen in the FLEX trial of cisplatin/vinorelbine +/− cetuximab, in which survival with all histological subtypes was improved by cetuximab [22, 23] . Therapies targeted against vascular endothelial growth factor (VEGF) have demonstrated histology to be predictive for both efficacy and toxicity. In the ECOG 4599 [13] trial of carboplatin/paclitaxel +/− bevacizumab, patients with adenocarcinoma realized the greatest survival advantage. An earlier randomized phase II trial of the same agents [24] had shown an increased risk of fatal hemoptysis in patients receiving bevacizumab, which appeared to be associated with squamous histology. Life threatening hemorrhagic complications were not seen in other antiangiogenesis trials comparing vandetanib versus erlotinib [25] , nor in the ESCAPE trial evaluating the addition of sorafenib to carboplatin and paclitaxel [26] . However patients with squamous histology in the ESCAPE trial randomized to chemotherapy plus sorafenib did appear to have an inferior overall survival.
Therefore, there is sufficient evidence demonstrating the value of histology as a predictive biomarker for NSCLC. Accordingly, accurate subclassification of NSCLC should be attempted in all lung cancer samples, highlighting the need to obtain adequate diagnostic material whenever possible. Immunohistochemical (IHC) staining favouring either adenocarcinoma (stains for TTF-1 and mucin, such as AB/PAS) or squamous cell carcinoma (such as CK5/6 and p63) should be routinely included in pathological assessment of small samples that cannot be accurately classified using conventional H&E staining.
Epidermal Growth Factor Receptor Status
The EGFR pathway has emerged as a preeminent target in NSCLC care. The transmembrane EGF receptor belonging to the ErbB family has an intracellular tyrosine kinase domain. It may be activated through ligand binding, as well as ligand-independently, through gene mutation and increased gene copy numbers. Once activated, the phosphorylation of multiple tyrosine kinases is triggered in a downstream cascade leading to cell proliferation, survival, angiogenesis and possibly migration. Due to the EGFR pathway's central role in the development and progression of cancer, agents inhibiting either the EGFR tyrosine kinase domain (gefitinib, erlotinib), or directed against the extracellular portion of the receptor (cetuximab, panitumumab) have been extensively tested in multiple cancer types. In NSCLC, researchers have debated which of several EGFR-related biomarkers would best identify patients likely to respond to these targeted therapies. As a result "a conflicting and confusing body of information now confronts practicing physicians" [27] . It is unclear whether (i) EGFR protein expression as measured by immunohistochemistry (IHC); (ii) EGFR gene copy number as evaluated by fluorescence in-situ hybridisation (FISH) or qRT-PCR; or (iii) gene mutations isolated by direct gene sequencing and other methods, should be employed in treatment algorithms.
EGFR Protein Expression
IHC testing for EGFR protein expression has the advantage of wide availability in most pathology laboratories, and such a biomarker could be readily introduced into community clinical practice. Both the BR.21 [7] and ISEL [11] trials demonstrated that patients with EGFR overexpression by IHC had a higher ORR (BR.21 11% vs. 4%, p = 0.1, ISEL 8.2% vs. 1.5%, p value not reported) when treated with EGFR-TKIs, compared with those with EGFR IHC negative tumors. In both papers survival was extended by TKIs over placebo only in the patients with EGFR overexpression. The interaction of EGFR protein expression and treatment was significant for survival in the ISEL (p = 0.05), but not in BR.21 (p = 0.25).
On the other hand, the INTEREST trial of second-line gefitinib versus docetaxel [28] , the BMS099 trial of carboplatin/paclitaxel +/− cetuximab [29] , and the SATURN [30] trial of maintenance erlotinib versus placebo after platinum-based chemotherapy doublets, all failed to show differential outcomes (ORR, PFS, and OS) according to EGFR protein expression.
EGFR Copy Number
The second and third-line trials of gefitinib and erlotinib reported significant correlations between increased EGFR gene copy number (by FISH) and extended overall survival with TKI treatment. However, the TRIBUTE [31] , TALENT [32] , and INTACT I/II [33] [34] [35] trials saw no improvement in OS for patients with EGFR amplification receiving an EGFR TKI. Furthermore, there was no association of increased gene copy number assessed by FISH, with survival in the INTEREST, SATURN, or BMS099 studies. In INTEREST a high EGFR copy number by FISH did identify those who would have a greater response to gefitinib as opposed to docetaxel [36] .
EGFR Mutations
Astute inquiry into the molecular underpinnings of the high response rate from EGFR TKIs seen among certain clinical groups such as females, never smokers, and those of Asian ethnicity, or with adenocarcinoma identified the presence of activating mutations of the EGFR TK domain [37] [38] [39] . The prevalence of such activating EGFR mutations may be as high as 40% in Asian populations, compared with only 10% in Caucasians [40] . Deletions in exon 19 and point mutations in at the L858R region of exon 21 have been associated with a more favourable prognosis and increased sensitivity to treatment with EGFR TKIs. A recent systematic review and meta-analysis of 80 articles concluded that EGFR mutations were predictive of response to single-agent TKIs (sensitivity = 0.78, 95% CI = 0.74-0.82, specificity = 0.86, 95% CI 0.82-0.89, positive likelihood ratio= 5.6, negative likelihood ratio = 0.25). Of note, increased EGFR gene copy number was also associated with response to TKIs, albeit with lower sensitivity and specificity [41] .
In patients previously treated with chemotherapy, EGFR mutations predicted for increased ORR in the BR.21 (27% vs. 7%, p = 0.04) and ISEL (37.5% vs. 2.6%, p not reported) trials. Similarly, the SATURN trial of maintenance erlotinib versus placebo, reported a large gain in PFS for patients with an EGFR mutation treated with erlotinib (HR = 0.10, 95% CI = 0.04-0.25, p< 0.0001). However, no improvement in overall survival for mutation-positive patients treated with EGFR TKIs was observed in either the BR.21 or SATURN trials.
Trials comparing an EGFR TKI to chemotherapy, also demonstrate improved response rates and PFS for patients with EGFR mutations receiving an EGFR TKI. A qualitative interaction was demonstrated in the IPASS study contrasting first-line gefitinib with carboplatin/paclitaxel [8] . In those patients carrying EGFR mutations, PFS was significantly longer in the gefitinib arm (HR for progression or death = 0.48, 95% CI = 0.36-0.64, p < 0.001), whereas in those patients who were EGFR wild type, PFS was actually shorter with gefitinib than with standard chemotherapy (HR = 2.85, 95% CI = 2.05-3.98, p < 0.001). Analogous results were reported for the First Signal trial of gefitinib versus cisplatin/gemcitabine [42] . The INTEREST trial demonstrated increased ORR and PFS (HR = 0.16, 95% CI = 0.05 to 0.49, p = 0.001) for patients with EGFR mutation treated with gefitinib compared with docetaxel [36] . No significant difference in overall survival was demonstrated in these trials, or the West Japan Thoracic Oncology Group (WJTOG) trial of three cycles of carboplatin/paclitaxel followed by gefitinib or a further three cycles of chemotherapy [43] . It has been suggested that this discordance between PFS and OS is likely related to post study therapy, with crossover from the chemotherapy to the gefitinib arm at the time of progression [36] .
Interestingly, the BMS099 trial evaluating the addition of the monoclonal antibody cetuximab to carboplatin and taxol found that EGFR mutation status was not predictive of cetuximab efficacy [29] . On the whole though, accumulated evidence suggests that EGFR mutation status is closely associated with the response in NSCLC to EGFR TKIs, especially in the first line setting. Diagnostic samples from patients with advanced NSCLC of nonsquamous subtype should be routinely assessed for known activating mutations of EGFR prior to the initiation of systemic therapies [44] . In addition, extrapolating from the IPASS results, EGFR TKIs should not be administered as first-line therapy for patients with wild-type EGFR.
K-Ras Mutation Testing
The K-Ras gene encodes one of the intracellular signal transduction proteins in the EGFR pathway. Activating mutations at codons 12 and 13 in the GTPase domain of K-RAS occur in 15-25% of NSCLCs, almost exclusively in EGFR wild-type tumors. They are more common in patients with adenocarcinoma histology, former or current smokers and in Caucasians, rather than East Asians [39] .
The presence of K-RAS mutations in other cancers such as adenocarcinoma of the colon is strongly predictive of a lack of benefit of EGFR therapy [45] . However, there is conflicting information about the predictive value of RAS mutations in NSCLC. In the FLEX and BMS099 trials, K-RAS mutation status was not associated with outcomes and in the SATURN trial K-RAS status was not predictive of overall survival [22, 29] . However, a qualitative interaction was observed for K-RAS in the BR.21 trial [46] . The HR for OS in patients with K-RAS mutations was 1.67 (95% CI = 0 .82-4.50, p = 0.31), whereas the HR in patients with wild-type K-RAS suggested benefit from erlotinib (HR = 0.69, 95% CI = 0.49-0.97, p = 0.03).
K-RAS status has also been reported to be associated with response to chemotherapy. In the JBR.10 trial evaluating adjuvant cisplatin/vinorelbine versus observation in completely resected stage IB/II NSCLC, patients with mutations in H-RAS, K-RAS and N-RAS did not seem to benefit from adjuvant chemotherapy (HR = 0.95, p = 0.87). Patients with wild-type RAS did experience a treatment related survival benefit (HR = 0.69, p = 0.03), but there was no significant interaction effect for treatment by RAS mutation status (p = 0.29) [47] . Based on the inconclusive data, routine testing for RAS mutations is not recommended.
Biomarkers of Response to Chemotherapy
Until recently, platinum-based cytotoxic chemotherapy has represented the standard of care for unselected patients with advanced NSCLC. Platinum doublets with either gemcitabine or taxanes, including paclitaxel and docetaxel, are extensively used for treatment. However response rates as low as 19% have been reported in at least one large trial [48] and side effects of therapy may impair quality of life. While the helpful role of histology in the prospective selection of individuals most likely to benefit from therapy has been described above, its limitations drive the search for further markers of chemosensitivity.
Cisplatin
Cisplatin exerts its antiproliferative effects primarily via DNA damage, through the formation of DNA adducts, which hamper DNA polymerase activity, ultimately leading to apoptosis. As such, molecular components of DNA repair mechanisms constitute attractive candidates for biomarker researchers.
In the IALT-Bio analysis, high levels of expression of the excision repair cross-complementation group 1 enzyme (ERCC1) as measured by IHC were prognostic for improved OS in the placebo group (HR = 0.66, 95% CI = 0.4-0.90, p = 0.009) while low levels predicted benefit from chemotherapy (HR = 0.65, 95% CI = 0.50-0.86, p = 0.002) [49] . As this enzyme plays a key role in the nucleotide excision repair pathway, its absence may affect the ability of the cells to repair DNA damage induced by platinum agents. Both ERCC1 protein expression as assessed by in situ technology and ERCC1 polymorphisms are under investigation as predictors of response, but results are conflicting [10, 50] . The MADeIT study, a prospective phase II trial of first-line treatment of advanced NSCLC determined by ERCC1 and RRM1 levels, reported an ORR of 44% and one year survival of 59% [51] . Further prospective validation of ERCC1 may be provided by the International Tailored Chemotherapy Adjuvant Trial (ITACA) as patients are randomised to standard adjuvant platinum-based chemotherapy or to treatment personalized on the basis of quantitative ERCC1 and TS gene expression.
The BRCA1 enzyme also plays an important role in response to DNA damage. One small NSCLC trial by the Spanish Lung Cancer Group has suggested that patients with a high BRCA1 expression level as measured by qRT-PCR could safely omit platinum from adjuvant chemotherapy, but these findings have not been confirmed [52] . Further prospective validation trials of similar genomic-driven approaches are required.
Gemcitabine
Gemcitabine acts as a specific pyrimidine nucleoside antimetabolite whose active metabolite blocks the activity of ribonucleotide reductase (RR), an enzyme essential for the production of deoxyribonucleotides. The RRM1 subunit of RR as measured by in situ methods may predict response to gemcitabine [53] . In one analysis of 81 advanced NSCLC patients, low levels of both RRM1 and ERCC1 (m)RNA by qRT-PCR were associated with a significant increase in survival with gemcitabine/cisplatin treatment relative to other chemotherapy regimens [54] . These results require prospective validation. Outcomes of gemcitabine treatment have also reportedly been correlated with RRM1 polymorphisms [55] . Other molecular predictors of gemcitabine sensitivity, such as low levels of expression of 5'-nucleotidase protein, which might be responsible for early inactivation of the drug, remain investigational.
Taxanes
Both paclitaxel and docetaxel bind to β-tubulin to stabilize microtubules, inhibiting their depolymerisation, thus interfering with spindle assembly, and leading to mitotic arrest. Their target, β-tubulin, has shown promise as a biomarker in advanced NSCLC [56] . Retrospective studies provide support for a significant positive predictive role of low levels of class III β-tubulin for ORR, PFS, and OS in patients treated with taxane-based chemotherapy [56, 57] . While the JBR.10 trial found class III β-tubulin to be predictive of benefit from adjuvant chemotherapy, the LACE-BIO meta-analysis did not confirm these findings [58] .
Biomarkers of Response to Anti-Angiogenic Agents
Biomarker analyses of studies evaluating angiogenesis inhibitors have yet to identify consistent predictive biomarkers. Histological subtype is considered a predictor of toxicity from bevacizumab. Other analyses have been exploratory and require prospective validation. In the ECOG 4599 trial evaluating the addition of bevacizumab to carboplatin/paclitaxel low baseline intracellular adhesion molecule levels (ICAM) were associated with improved ORR (32% vs. 14%, p = 0.02), OS (P = 0.00005) and 1 year survival (65% vs. 25%) relative to high ICAM, regardless of treatment arm. High serum VEGF levels predicted ORR, but not a survival advantage with chemotherapy/bevacizumab [59] .
The AVAiL investigators reported that higher baseline levels of ICAM, vascular cell adhesion molecule (VCAM), Beta fibroblast growth factor (Beta FGF) and VEGF were all correlated with shorter OS [60] . The ZODIAC trial randomized patients to second-line docetaxel +/− vandetanib, a multitargeted inhibitor of EGFR, VEGFR, and RET [61, 62] . Multiple biologic markers, including EGFR by both IHC and FISH, KRAS mutations, VEGF and VEGF-2 levels, failed to predict outcomes, possibly due to the low number of tissue samples submitted for correlative biomarker studies.
The development of hypertension has been suggested as a biomarker of efficacy for antiangiogenesis therapy. In the ECOG 4599 trial, the development of hypertension during treatment was suggestive of improved outcomes for patients receiving bevacizumab [63] . However, this was not predictive of differential outcomes with cediranib in an analysis of data from BR.24, a placebo-controlled phase II trial of carboplatin/paclitaxel chemotherapy +/− this VEGFR TKI [64] .
Novel Molecular Markers
Other biomarkers on the horizon include cell cycle regulators such as the tumor-suppressor gene TP53. In the JBR.10 adjuvant chemotherapy trial, only those patients with P53 expression as measured by nuclear staining derived significant effects from chemotherapy [65] . The interaction for chemotherapy and p53 protein was significant (p = 0.02). Mutation testing confirmed that only those with wild-type TP53 benefitted from therapy.
The recently discovered translocation of the echinoderm microtubule-associated protein-like 4/anaplastic lymphoma kinase (EML4/ALK) fusion oncogene, shows great promise as a therapeutic target for NSCLC. This translocation, which is mutually exclusive with EGFR and KRAS mutations, is seen in 1.6 to 6.7% of NSCLC patients, most often in non-smokers and those with adenocarcinomas [66] . It may represent yet another mechanism of resistance to EGFR TKIs, through constitutive ALK signaling. The presence of the EML4/ALK translocation appears strongly predictive of benefit from crizotinib, a dual tyrosine kinase inhibitor of c-MET and the ALK receptor. A recently published phase I/II trial of crizotinib in patients with tumors harbouring an ALK rearrangement by FISH, demonstrated a 57% ORR and a disease control rate of 87% at 8 weeks [67] . Phase III trials of this agent are ongoing in both first and second-line therapy of NSCLC.
Many other biomarkers are under evaluation and while promising in vitro, most lack prospective clinical validation. In the BR21 trial, TGF-alpha was found to predict lack of benefit for erlotinib, although this should be considered hypothesis generating rather than guiding treatment selection at this time [68] . The insulin-like growth factor receptor-1 (IGFR-1) is a transmembrane protein encoded by an oncogene on chromosome 15q25-q26. Early trials of the IGFR-1 antibody figitumumab have demonstrated a differential response in squamous histology NSCLC, which may overexpress IGF-1R [69] . While the results from the phase III trial of the carboplatin/paclitaxel +/− figitumumab showed no overall survival benefit, patients with the highest baseline levels of free serum IGF appeared to show some benefit [70] . These data require confirmation in further trials. Gene amplification of MET, the transmembrane tyrosine kinase receptor for hepatocyte growth factor (HGF) may lead to primary resistance to EGFR TKI's through enhanced activation of the AKT pathway. Increased expression of the MET ligand HGF has also been implicated in this process [71] . Recent data from a randomized phase II trial of erlotinib with or without MetMab (monoclonal antibody to MET) suggested that the addition of MetMab to erlotinib improved PFS and OS in patients who are Met diagnostic positive (moderate or intense expression of MET in 50% or more of cells) [72] . Other biomarkers associated with intrinsic and/or acquired resistance to EGFR TKIs include rare EGFR mutations, HER2 and 3 and their TK domain mutations [73] and PTEN loss.
Gene Expression Profiling
This year, total plasma DNA levels [74] , XPC gene intron polymorphisms [75] , and plasma nucleosome levels [75] have all been reported to correlate with response to chemotherapy. Research is also ongoing to identify predictive gene signatures. A five-gene signature was reported by Chen and colleagues as prognostic for survival with NSCLC [76] . However, it was derived from, and validated in, tumor samples from patients who had not received chemotherapy and so does not provide predictive information. A tissue microarray analysis of samples from 133 patients enrolled in the control arm of the JBR.10 trial led to the derivation of a 15-gene signature which correlated well with survival. The gene signature also appeared predictive for survival, as patients at "high risk" for recurrence as defined by the signature has significantly improved survival from adjuvant cisplatin/vinorelbine (HR = 0.33, 95% CI = 0.17-0.63, p = 0.0005). Moreover chemotherapy was associated with a shorter OS in "low risk" individuals (p = 3.67, 95% CI = 1.22-11.06, p = 0.0133), producing a highly significant qualitative interaction term. (p = 0.0001) [14] .
Conclusions
Lung oncologists have seen an explosion in potential treatments in recent years. These advances have been met with great enthusiasm, as patients and physicians alike strive to take advantage of all opportunities. However, many molecularly targeted agents have not shown improvements in patient outcomes when tested in unselected patient populations. According to Govindan, the era of using molecularly targeted therapies in unselected populations is drawing to a close [27] . However, the available evidence summarized in this review would suggest that the only biomarkers that should routinely be incorporated into current practice are histologic subtyping and EGFR mutation status. Evidence for other biomarkers such as RAS, EGFR protein expression and gene copy number, as well as predictors of chemotherapy sensitivity such as ERCC1, RRM 1, p53 and beta tubulin levels, is inconsistent and requires further evaluation.
The incorporation of translational research in the design of ongoing clinical trials is an important and yet challenging area of research. It is essential to aid in the identification of patient subgroups most likely to benefit from newer biologic agents and from cytotoxic chemotherapies used in novel ways. Increased data are needed to reduce potential sampling bias. Nonetheless many challenges exist including the availability of adequate tissue samples and willingness of patients to consent to translational studies. One approach to consider is to make blood and tissue specimen collection a mandatory component for enrolment of patients onto a clinical trial. Such a strategy was adopted in the MARVEL trial of second line erlotinib versus chemotherapy. This trial promised important knowledge about the relative outcomes of chemotherapy versus a targeted agent in EGFR FISH positive and negative subgroups. However, the trial closed prematurely because of poor recruitment.
There is a need for standardized methodology in biomarker research. Biomarkers must be prospectively validated and then evaluated for reproducibility in clinical trials. Consistent methodology, definition of relevant endpoints, and standardized reporting may clarify many of the conflicting data reviewed above. Relevant guidelines for the development and incorporation of biomarker studies in early clinical trials of novel agents have been outlined by the Biomarkers Task Force of the National Cancer Institute (NCI) Investigational Drug Steering Committee. Definitions of nomenclature, analytical and performance requirements of laboratory assays, statistical considerations arising from sequential analyses of multiple variables, as well as recommendations for the sponsor and investigator in new therapeutic studies are all provided [9] .
The availability of tissue, the possibility of tumor heterogeneity and the potential for molecular phenotypes to change over time and in response to prior therapy all pose challenges to the use of biomarker data. The use of archival tissue, either paraffin embedded or fresh frozen tissue may not be representative of the surviving clones [27] . There is potential for the molecular profile of NSCLC tumors to change at the time of metastasis, as has been demonstrated in breast cancer cases [77] . This possibility has been explored by Cortot's group, who examined K-RAS and EGFR mutation status with PCR and direct sequencing on 21 primary tumors and their associated metastases. There were no EGFR mutations detected and discordant for K-RAS mutation status was observed in only three patients [78] . Further research is needed in this area.
Many researchers are looking to circulating tumor cells in peripheral blood as an alternative method of biomarker assessment rather than analyzing pathological specimens. One example from Dutch trialists, assessed serum levels of transforming growth factor-alpha (TGFa), amphiregulin (ARG), and insulin-like growth factor (IGF) which have all been associated with resistance to EGFR-TKIs. Results suggest that serum concentrations of TGFa and ARG were predictive of EGFR-TKI responses [79] . This approach requires further validation.
The potential implications of biomarker testing for pathology departmental infrastructure, training, and costs could be considerable. Demands for more substantial tissue samples in NSCLC to support such intensive investigations will no doubt strain limited imaging, endoscopic, and surgical resources. Additionally, the emergence of resistance to a molecularly targeted agent may correlate with changing molecular profile of the tumor. This could result in a clinical environment in which repeat biopsies are required upon disease progression, to re-evaluate the molecular expression of the tumor. Fortunately a tailored strategy promises many rewards, not the least of which is increased cost-effectiveness. The identification of clinical or molecular biomarkers of response and/or toxicity may ensure that only those patients most likely to benefit will be offered costly and perhaps only moderately effective treatment [79, 80] . It is uncertain whether biomarker-driven approaches to treatment selection produce superior outcomes to those selected on the basis of empiric algorithms. Clinical trials such as the MD Anderson Cancer Centre's BATTLE phase II study, which randomizes patients to second line treatment based on 11 biomarkers including EGFR, KRAS, BRAF, Cyclin D1, VEGF, VEGFR-2, and RXR will no doubt explore the feasibility of the "personalized medicine" approach to the management of NSCLC [81, 82] .
